INTRODUCTION
============

Approximately 20% of the adult population experiences periods of decreased sleep duration \[[@B1]\]. In industrialized societies, sleep duration has consistently been decreasing due to increases in work hours and available leisure time activities \[[@B2],[@B3]\]. According to a 2009 study by the Organisation for Economic Cooperation and Development, the mean sleep duration of Koreans was 7 hours and 49 minutes, which was the lowest of all 18 nations \[[@B4]\], yet the effect of sleep duration on health is not receiving much attention.

A decrease in sleep duration can manifest in mental illnesses, such as bipolar disorder and depressive disorder. However, it is also known to affect morbidity and mortality and is related to physical illness. Studies abroad have investigated the association between decreased sleep duration and hypertension \[[@B5]\], diabetes mellitus \[[@B6]\], coronary artery disease \[[@B7]\], and obesity \[[@B8]\], while domestic studies have been conducted on hypertension \[[@B9]\] and obesity \[[@B10],[@B11]\]. A number of studies have shown a direct association between decreased sleep duration and physical illness \[[@B5],[@B10],[@B11]\]; sleep duration exceeding 7 to 8 hours has also been found to have an impact on physical illness \[[@B6],[@B7],[@B8],[@B9]\]. Accordingly, recent studies are examining not only the impact on health of a decrease or increase in sleep duration \[[@B12],[@B13]\] but also searching for a definition of \"optimal sleep duration\" \[[@B14]\]. However, the empirical evidence establishing optimal sleep duration is insufficient. The interest in sleep duration is growing, and studies on long sleep durations as a health risk factor or a symptom \[[@B15]\] have been conducted. There have been studies focusing on long sleepers \[[@B16]\] and the effects of sleep duration on cognitive function and physical health \[[@B17],[@B18]\]. The biological mechanisms of sleep, which have yet to be identified, are also being studied. Existing studies have shown how sleep deprivation can lead to accidents and impaired cognitive function, including a study on effects of sleep deprivation on attention and working memory in medical residents \[[@B19]\].

Impaired cognitive function can lead to injury. Unintentional injury occurs without any internal or external intent and includes traffic accidents, poisoning, falls, fires and burns, and drowning. In Korea, the significance of traffic accident looms large, as it is one of the top three causes of death in each age group under 40 \[[@B20]\]. Injuries tend to appear in younger age groups, leading to significant economic losses, including the loss of productivity. In Korea, a study was conducted on the association between sleep duration and traffic accident rates among taxi drivers \[[@B21]\]. In the US, Lombardi et al. \[[@B22]\] and Lombardi et al. \[[@B23]\] conducted studies on sleep duration and work-related injuries using the vast data from the US National Health Interview Survey. Previous studies have found that insufficient sleep increases the risk for injury. However, one domestic study focused on only one specific occupation, and the US study did not find a clear relationship between increases of sleep and injury.

The purpose of this study was to investigate the effect of sleep duration on the risk of unintentional injury in Korean adults and using the findings to add to the discussion of optimal sleep duration. To overcome the limitations of previous studies, this study used data from the nationwide representative Community Health Survey.

METHODS
=======

Subjects
--------

This study analyzed the data from the Community Health Survey, which was conducted in 2010 by the Korea Centers for Disease Control and Prevention under the Korean Ministry of Health and Welfare. The 2010 Community Health Survey was a survey conducted at 253 public health centers, with an average of 900 people per location. The subjects were adults from selected households who were older than 19 years (born prior to July 31, 1994), excluding non-naturalized foreigners, unrelated household members, and military personnel not living at a permanent address. The survey was conducted using a computer assisted personal interviewing method, that is, the surveyors visited the survey sites with electronic questionnaires on a laptop. Of the 229 229 questionnaires completed by the selected individuals, questionnaires with missing data, answers±3 standard deviations (SD) from the mean or other outliers, and intentional injuries were excluded, yielding data from 213 274 individuals for analysis. For intentional injuries, the intent was described as either \"intentional self-harm\" or \"assault by others\" at the survey. No answer and \"I don\'t know\" responses were treated as missing data.

Variable Definitions
--------------------

### Independent and dependent variables

For this research, the variable sleep duration was the number of hours slept determined by the question, \"How many hours do you typically sleep a day?\" The answers were placed in seven sleep duration categories: ≤4, 5, 6, 7, 8, 9, and ≥10 hours. For injuries, those who answered \"yes\" to having treatments at a medical facility or emergency room due to unintentional injuries or poisoning (food poisoning was excluded) were defined as the \"injury\" and those who answered \"no\" were defined as the \"non-injury\".

### Control variables

For current smoking status, those who had smoked more than 5 packs (100 cigarettes) and answered that they still smoke were identified as the \"current smoking group\" and the rest were identified as the \"non-smoking group.\" The 2010 Community Health Survey used the Alcohol Use Disorder Identification Test (AUDIT), which was developed by the World Health Organization to measure alcohol dependence and problem drinking. Categories for the AUDIT study were based on research by Kim et al. \[[@B24]\]: 0 to 11 points, \"normal drinking\"; 12 to 14 points, \"problem drinking\"; 15 to 25 points, \"alcohol abuse\"; and 26 to 40 points, \"alcohol dependence.\" Those who had never had a single serving of alcohol or did not have any alcohol in the past year were defined as the \"non-drinking group.\"

Body mass index (BMI, kg/m^2^) was calculated by dividing weight (kg) by the square of height (m); groups with BMI of below 18.5 kg/m^2^ were classified as the \"underweight group,\" 18.5 to 23 kg/m^2^ as the \"normal weight group\" 23 to 25 kg/m^2^ as the \"overweight group\" and greater than 25 kg/m^2^ as the \"obesity group.\" For hypertension, diabetes mellitus, arthritis, or depression, those who had answered that they had been previously diagnosed by a doctor were defined as the \"diagnosed group\" and those who answered they had not been diagnosed were defined as the \"nondiagnosed group.\"

General characteristics questions consisted of age, gender, occupation, education, and region. Age was broken into the following groups: \"19 to 29,\" \"30 to 39,\" \"40 to 49,\" \"50 to 59,\" \"60 to 69,\" and \"≥70.\" Based on the work of Kim et al. \[[@B25]\] and Jung et al. \[[@B26]\], occupations were defined as \"low injury risk,\" \"high injury risk\" and an \"other.\" The \"low injury risk group\" included managers, professionals and related workers, and clerks. The \"high injury risk group\" included agriculture, forestry, and fishery; craft and related trades; equipment, machine operation and assembling; elementary; service, sales, and armed forces. The \"other group\" included students, housewives, and the unemployed. For educational level, participants were classified as \"uneducated and elementary school,\" \"middle and high school,\" or \"college or university.\" Seoul and other major cities were defined as \"metropolitan area\" and other areas were defined as \"provincial area.\"

Statistical Analyses
--------------------

Univariate analysis on injury was performed using chi-squared test for variables that might influence the outcome. For each variable related to sleep duration, *t*-test and analyses of variance were performed. Multicollinearity was excluded and complex sample analysis was performed using stratification variables, cluster variables, and adjusted person-weight from the Community Health Survey. Person weight reflects personal questions from the household weight and is adjusted for gender and age, relative to registered residents; as part of the survey design, this allowed an individual subject to represent the entire population of the region. Logistic regression was performed using sleep duration as the independent variable, injury as the dependent variable, and other variables as control variables. The reference point for sleep duration was set at 7 hours, consistent with other studies \[[@B6],[@B10],[@B22],[@B23]\]. The odds ratio was calculated with a 95% confidence interval. Control variables consisted of age, gender, occupation, educational level, region, current smoking status, alcohol usage, and BMI, along with the diagnosis of hypertension, diabetes mellitus, arthritis, or depression. IBM SPSS version 21.0 (IBM Co., Armonk, NY, USA) was the statistics program used, with the significance level was set to 0.05.

RESULTS
=======

Chi-squared Testing of Subject Characteristics and Injury Experience
--------------------------------------------------------------------

Descriptive analysis of participant characteristics was performed, as well as chi-squared tests for variables that may affect injuries ([Table 1](#T1){ref-type="table"}).

In terms participant characteristics, the 40 to 49 age group was the most common, and there were more females than males. For occupation, the highest number belonged to the high injury risk group, with the least belonging to low injury risk group. For educational level, the middle and high school group had the largest number of participants and the college or university group had the least. For region, there were more in the province group than in the metropolitan city group. There were more participants in the non-smoking group than in the current smoking group, and the normal drinking group was larger than the other AUDIT groups. The alcohol dependence group was the smallest. The largest number of participants was in the normal weight group, and the smallest number was in the underweight group. Hypertension, arthritis, diabetes mellitus, and depression were present in 21.1%, 13.1%, 8.0%, and 2.3% participants, respectively. Five percent the respondents had a history of injury. In the sleep duration categories, the 7 hours group had the most participants (32.5%) and ≥10 hours group had the least (2.0%) percentage of participants.

The results of the chi-squared testing of individual variables with respect to injury showed that injury rate was lowest in the 30 to 39 age group and the rate increased with an increase or decrease in age relative to this age group, but these differences were not statistically significant. Men reported more injuries, and the high injury risk group had the most injury experiences among the occupation categories. In educational levels, the uneducated and elementary school group had highest rate of injury experiences and province group had more injury experiences than the metropolitan city group. The current smokers had a higher injury rate than non-smokers. The alcohol dependent group reported the highest injury rate of all the subgroups. In terms of BMI, the normal weight group had the lowest occurrence of injury experiences with rates increasing relative to any increase or decrease in weight. The diagnosed group had a higher injury rate than the undiagnosed group. Finally, any increase or decrease in sleep duration from the 7 hours reference had a U-shaped distribution of injury rates, showing an increase of injury occurrence as sleep duration increased or decreased.

Mean Sleep Duration of Each Variable Subgroup Effecting Injury
--------------------------------------------------------------

A *t*-test was conducted using the mean sleep duration time of each variable subgroup related to injury were performed ([Table 2](#T2){ref-type="table"}). The mean sleep duration for all subjects was 6.72 hours (SD, 1.24). The injury group had a lower sleep duration than the non-injury group. Age, gender (female), all occupations, educational levels, all regions, and portions of the smoking, drinking, BMI, hypertension, diabetes mellitus, arthritis, and the depression groups were statistically significant.

Logistic Regression Analysis of Injury Causing Factors
------------------------------------------------------

Multivariable logistic regression analysis was performed to control the variables related to injury except for sleep duration ([Table 3](#T3){ref-type="table"}). Using the 7 hours sleep group as reference, a decrease in sleep duration was significantly associated with an increase in injury, while an increase in sleep duration was also associated with an increase in injury, in all groups except the 8 and 9 hours groups ([Figure 1](#F1){ref-type="fig"}). Among sleep duration groups, ≤4 hours group had the highest risk of injury, and among control variables, the specific subgroups, alcohol abuse, alcohol dependence, and diagnosed depression had the highest risk of injury. Younger members of the 30 to 39 age group had a higher risk and those participants over 50 years of age had a lower risk of injuries. The high injury risk occupations had a higher injury risk that the low injury risk occupations. Compared to the college or university groups, the uneducated and elementary participants had a 1.26 times higher risk and a 1.13 higher risk was found for the middle and high school group. Smokers were at a 1.14 times higher risk than non-smokers and, compared to non-drinkers, a higher risk was found for normal drinkers (1.08), problem drinkers (1.33), alcohol abusers (1.57) and the alcohol dependent groups (2.31). Relative to the normal weight group, a higher risk was associated with being underweight (1.06), overweight (1.02), and obese (1.04), but none of these results were statistically significant. Those with diagnosed and undiagnosed hypertension groups had the same level of risk, but participants diagnosed with diabetes mellitus, arthritis, and depression had a higher risk of 1.14, 1.39, and 1.71, respectively, than the non-diagnosed group. There were no significant differences in gender or area.

DISCUSSION
==========

This study examined the effect of sleep duration on the risk of unintentional injury using the 2010 Community Health Survey data. Excluding the 8 and 9 hours sleep groups, sleep duration was associated with increased risk for injury in a U-shaped distribution relative to the 7 hours sleep group. This finding is similar to those from previous research on sleep duration and physical illness \[[@B6],[@B7],[@B8],[@B9],[@B12],[@B13]\], where a decrease or increase in sleep duration had an effect on health. Sleep duration has been associated with a decrease in cognitive function; Kim et al. \[[@B19]\] found that as the severity of sleep deprivation increased, medical residents experienced higher levels of stress and struggled with drowsiness, affecting attention and academic performance. Youn et al. \[[@B21]\] reported that sleep deprivation leads to fatigue, drowsiness while driving, and impaired alertness, directly leading to increased number of traffic accidents.

According to a chronic sleep restriction study by van Dongen et al. \[[@B27]\], test subjects who were limited to 6 hours of sleep for two weeks had neurobehavioral functioning similar to those who did not sleep at all for two days. Two studies by Lombardi et al. \[[@B22], [@B23]\] on sleep duration and work-related injury used data from the US National Health Interview Survey to show a decrease in sleep duration (compared to a sleep duration of 7.00 to 7.99 hours) led to an increase in the risk of injury, with less than 5 hours having odds ratios up to 2.65, and, in sleep duration categories greater than 8 hours, the elevated risk was marginally significant. In our study, the injury group reported lower mean sleep durations than the non-injury group. Although no significant differences were observed between the 8 and 9 hours sleep group and the 7 hours reference group, the 10 hours sleep group had a significantly elevated risk. These results support prior research on sleep deprivation, although these findings were limited to the 10 hours sleep group a significant effect of increased sleep duration on injury was found.

There have been many sleep deprivation studies, but research on the effects of an increase in sleep duration has only recently received attention. A study by Faubel et al. \[[@B28]\] reported that an increase in sleep duration led to impaired cognitive function even when controlling other factors, such as obesity, health-related quality of life, awaking from sleep, chronic disease, and pharmacological treatment. Grandner and Drummond \[[@B16]\] proposed sleep fragmentation, fatigue, immune function, photoperiodic abnormalities, lack of physiological challenge, depression, sleep apnea, heart disease, failing health, and other variables may serve as possible mechanisms for an increase in sleep duration. In this study, the quality of sleep was not examined; therefore the potential effects of sleep quality cannot be assessed. However, it is significant to find direct associations between an increase in sleep duration and injury while controlling for other variables that may affect an increase in sleep duration, such as underlying disease (hypertension, diabetes mellitus, arthritis, or depression), age, sex, occupation, region, current smoking status, alcohol consumption, and BMI. Biological factors associated with the effect of sleep duration on cognitive function have been reported by Kang et al. \[[@B29]\]; they found a relationship between the sleep-wake cycle and level of beta amyloid, which typically appears in Alzheimer\'s disease. In addition, Devore et al. \[[@B18]\], using 7 hours sleep duration as a reference, showed that beta amyloid 42/40 ratios had a U-shaped distribution. A drop in the beta amyloid ratio may eventually lead to Alzheimer\'s disease. Research on biological factors has centered on Alzheimer\'s disease and more studies of biological factors with a larger scope are necessary. The relationship between injury and cognitive function also requires further investigation.

Of the variables used as controls, young age, the occupational high injury risk group, uneducated and elementary educational level, smoking, and patients diagnosed with diabetes mellitus, arthritis, or depression all had a significantly elevated risk of injury. Previous research conducted in Korea \[[@B26],[@B30]\] identified young age, smoking, drinking, occupation, low educational level, hypertension, diabetes mellitus, liver disease, mental illness, dementia, Parkinson\'s disease, epilepsy, working hours, and working type as injury risk factors. The results from this study support such findings. In this study, alcohol abuse and dependence and those diagnosed with depression were the individual subgroups with a high risk for injury. In these subgroups, the primary preventive emphasis has been on intentional injury; our results suggest that the risk for unintentional injury should not be overlooked.

This study was based on the 2010 Community Health Survey. Some of the limitations of this survey include the cross-sectional study design, which precludes the identification of causality, and the use of self-report materials. Studies by Lockley et al. \[[@B31]\] also mention these limitations. Unlike actual sleep duration, self-reports can be influenced by current conditions or psychological factors, leading to overestimation compared to objective measurements. Consequently, in this study, the association of sleep duration and injury could be influenced by psychological factors. To overcome these limitations, a study using objective measurements of sleep and the quality of sleep is necessary. To overcome the limitations of a cross-sectional study, a retrospective cohort study targeting participants with injury experience could be useful in establishing causality.
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aOR, adjusted odds ratio; CI, confidence interval.

^1^Adjusted for all other variables in the table.
